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Abstract No systematic study is yet available that focuses on
the surgical anatomy of the superior petrosal vein and its
significance during surgery for cerebellopontine angle menin-
giomas. The aim of the present study was to examine the
variation of the superior petrosal vein via the retrosigmoid
suboccipital approach in relation to the tumor attachment of
cerebellopontine angle meningiomas as well as postoperative
complications related to venous occlusion. Forty-three pa-
tients with cerebellopontine angle meningiomas were ana-
lyzed retrospectively. Based on the operative findings, the
tumors were classified into four subtypes: the petroclival type,
tentorial type, anterior petrous type, and posterior petrous
type. According to a previous anatomical report, the superior
petrosal veins were divided into three groups: Type I which
emptied into the superior petrosal sinus above and lateral to
the internal acoustic meatus, Type II which emptied between
the lateral limit of the trigeminal nerve at Meckel’s cave and
the medial limit of the facial nerve at the internal acoustic
meatus, and Type III which emptied into the superior petrosal
sinus above and medial to Meckel’s cave. In both the
petroclival and anterior petrous types, the most common vein
was Type III which is the ideal vein for a retrosigmoid ap-
proach. In contrast, the Type II vein which is at high risk of
being sacrificed during a suprameatal approach procedure was
most frequent in posterior petrous type, in which the superior
petrosal vein was not largely an obstacle. Intraoperative
sacrificing of veins was associated with a significantly higher
rate of venous-related phenomena, while venous complica-
tions occurred even in cases where the superior petrosal vein
was absent or compressed by the tumor. The variation in the
superior petrosal vein appeared to differ among the tumor
attachment subtypes, which could permit a satisfactory surgi-
cal exposure without dividing the superior petrosal vein. In
cases where the superior petrosal vein was previously occlud-
ed, other bridging veins could correspond with implications
for the crucial venous drainage system, and should thus be
identified and protected whenever possible.
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Introduction
The petrosal vein complex is at risk of being sacrificed during
the microsurgical removal of extra-axial cerebellopontine an-
gle tumors, particularly meningiomas involving the petrous
apex, because of its close vicinity or adherence to the tumor.
Coagulation and dissection of the superior petrosal vein do not
frequently cause adverse sequelae, but a recent study on a
substantial number of patients with petrous apexmeningiomas
has revealed minor venous congestion phenomena in 23 %
and major complications in almost 7 % after intraoperative
obliteration of the superior petrosal vein [2], emphasizing the
view that preservation of the petrosal venous complex is still
the best way of reducing the likelihood of venous complica-
tions. Nevertheless, the superior petrosal vein entering that
part of the superior petrosal sinus above the suprameatal
tubercle often has to be sacrificed when the suprameatal
extension of the retrosigmoid approach is employed to expose
Meckel’s cave and the posterior part of the middle fossa [8, 9].
In a recent study on anatomical dissections using cadaveric
specimens, Tanriover et al. [9] classified the drainage patterns
of the superior petrosal venous complex on the basis of the
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relationship between their site of entry into the superior petro-
sal sinus, Meckel’s cave, and the internal acoustic meatus.
According to their observations, approximately 90 % of cases
during the retrosigmoid suprameatal approach procedure re-
quired the division of the superior petrosal veins in order to
achieve a satisfactory surgical exposure along Meckel’s cave
and the middle fossa dura. This proposed classification system
for the superior petrosal venous complex could aid in planning
the approach directed along the petrous apex and reducing the
likelihood of venous complications, although their findings
obtained from cadaveric dissections cannot be universally
adopted for the actual surgical exposures in petrous apex
meningiomas, because in the majority of their tumors the
superior petrosal vein is likely to have been markedly
displaced and/or compressed. The literature unfortunately
does not yet provide any quantitative data concerning the
frequency or type of anatomical variations of the superior
petrosal vein during surgery for cerebellopontine angle
meningiomas.
The aim of the present study was to examine the surgical
anatomy of the superior petrosal vein via the retrosigmoid
suboccipital approach in relation to the tumor attachment of
cerebellopontine angle meningiomas. We retrospectively an-
alyzed 43 cases of cerebellopontine angle meningiomas treat-
ed surgically at our institution. The postoperative complica-
tions related to venous occlusion were also assessed.
Clinical materials and methods
Patient population
A total of 43 patients with meningiomas at the cerebellopontine
angle who were treated surgically at our institution between
April 1998 and March 2012 were included in this study. Al-
though two neurosurgeons (T.W. and Y.K.) were involved, all
of the patients underwent operations by or under the supervi-
sion of one neurosurgeon (Y.K.). Tumors with obvious attach-
ment to the lower clivus, jugular foramen, or foramenmagnum,
and tentorial meningiomas unrelated to the cerebellopontine
angle were excluded from the present study. Cases with previ-
ous surgical treatment were also excluded because considerable
alterations to the venous drainage would be present due to the
first operation. Careful retrospective reviews of the patients’
clinical records and radiological images were carried out. In
addition, surgical video recordings of all cases were reviewed
retrospectively and evaluated in order to classify the superior
petrosal venous complex and form of tumor attachment.
All patients underwent a standard suboccipital retrosigmoid
approach in the lateral oblique position. In themajority of cases,
suprameatal extension (suprameatal approach) and/or tentorial
incision (transtentorial approach) was added to this approach
employing techniques described elsewhere [7, 8, 10].
Tumor attachment, superior petrosal vein, and venous
complications
Based on the operative records and surgical video recordings,
the attachment of the tumor was classified into four subtypes:
petroclival, tentorial, anterior petrous, and posterior petrous,
as reported previously [1, 3]. The petroclival-type category
tumors are attached medially to the trigeminal nerve. The
trigeminal nerve in this type is shifted laterally. The tentorial
type originates from the medial tentorium. The trigeminal
nerve is shifted inferomedially. The anterior petrous type is
where the tumor is attached anterior to the internal acoustic
meatus. The trigeminal nerve is shifted superomedially. The
posterior petrous type is where the tumor is attached posterior
to the internal acoustic meatus.
According to the classification of Tanriover et al. [9], the
superior petrosal veins were divided into three groups (Fig. 1).
In Type I, the stem of the superior petrosal venous complex
emptied into the superior petrosal sinus above or lateral to the
boundaries of the internal acoustic meatus, at a point lateral to
the medial limit of the facial nerve at its point of entry into the
internal acoustic meatus. In Type II, the superior petrosal
venous complex emptied into an area between the lateral limit
of the trigeminal nerve at its point of entry at Meckel’s cave
and the medial limit of the facial nerve at its point of entry at
the internal acoustic meatus. In Type III, the superior petrosal
venous complex emptied into the superior petrosal sinus
above or medial to the boundaries of Meckel’s cave, at a point
Fig. 1 Three types of drainage of the superior petrosal vein. Type I
empties into the superior petrosal sinus above and lateral to the facial
nerve. Type II empties between the lateral limit of the trigeminal nerve
and the medial limit of the facial nerve. Type III empties into the superior
petrosal sinus above and medial to the trigeminal nerve; SPS superior
petrosal sinus
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medial to the lateral limit of the trigeminal nerve at its site of
entry into Meckel’s cave. The numbers of the veins, presence
of venous compression by the tumor, and surgical preserva-
tion of the veins versus sacrifice were also evaluated from the
intraoperative findings.
The postoperative outcome analysis considered all compli-
cations related to venous occlusion, such as cerebellar edema,
venous infarction, and hemorrhagic infarction. According to
the description of Koerbel et al. [2], cerebellar edema was
defined as involving compression of the fourth ventricle and
quadrigeminal cistern with ventricular enlargement.
Statistical analysis
The relationships between the various parameters were ana-
lyzed statistically using the chi-square test, Fisher’s exact test,
or Mann–Whitney U -test as appropriate. Multivariate regres-
sion analysis was not performed because of the small number
of patients included. The level of significance level was cho-
sen at P <0.05, and all tests were two-sided.
Results
The patients included 20 men and 23 women. Their mean age
was 48 years and ranged from 15 to 75 years. None of the
patients had undergone any previous surgical procedure. Path-
ological tumor grade information was available for all 43
patients: 42 cases were of Grade I, and one was of Grade II
on the World Health Organization (WHO) classification. The
standard retrosigmoid craniotomy was extended via a supra-
meatal approach in 6, a transtentorial approach in 7, and both
suprameatal and transtentorial approaches in 20 of the 43
cases. There were no cases of operative death in the present
surgical series of cerebellopontine anglemeningiomas. Table 1
summarizes the characteristics of the 43 cases composing the
series.
Tumor attachment and superior petrosal vein
According to the attachment classification, the petroclival,
tentorial, anterior petrous, and posterior petrous subtypes in-
cluded 22 (51 %), 5 (12 %), 7 (16 %), and 9 (21 %) tumors,
respectively (Table 1). Among the 43 cases examined in our
study, the superior petrosal vein was not identified in six cases
during the surgery. All of these 6 tumors were greater than
31 mm in diameter (range, 32 to 52 mm; median, 46 mm). In
the remaining 37 cases, a single petrosal vein was identified in
31 (84 %) cases, whereas two or more veins were observed in
6 (16 %) patients. These 37 patients were successfully classi-
fied into one of the three petrosal vein types: they included 3
patients (8 %) with Type I, 15 patients (41 %) with Type II,
and 19 patients (51 %) with Type III (Fig. 2). Among the 37
patients with identified petrosal veins, compression by the
tumor was noted in 12 (34 %) cases. Although no statistically
significant difference was found (P=0.4034 on the chi-square
test), the proportion of Type III was higher for the petroclival
and anterior petrous types (63 % and 67 %, respectively). In
contrast, Type II was most frequent in tumors with a posterior
petrous type attachment (63 %). Neither age, sex, tumor size,
number of veins, venous compression, nor extension of ap-
proach was significantly correlated with the attachment clas-
sification (P >0.5 for each comparison; data not shown).
Vein preservation
For the petroclival tumors, the superior petrosal vein complex
could be preserved in 11 (58%) out of 19 patientswith identified
veins. In the majority of the Type III cases, the superior petrosal





No. of patients 22 5 7 9
Age (years)
Range 15–70 39–75 32–67 32–66
Median 53 57 58 56
Gender
Male 10 2 3 4
Female 12 3 4 5
Size (mm)
Range 22–48 23–47 22–52 23–46
Median 28 32 28 28
SPV type
Type I 1 1 0 1
Type II 6 2 2 2
Type III 12 1 4 5
Not identified 3 1 1 1
Number of SPVs
Single 16 3 5 7
Two or more 3 1 1 1
SPV compression to the tumor
Yes 5 3 2 2
No 14 1 4 6
Preservation of SPV
Yes 11 1 5 7
No 8 3 1 1
Approach
Simple 0 0 1 9
SM 3 0 3 0
TT 3 4 0 0
SM+TT 16 1 3 0
SPV superior petrosal vein; SM suprameatal approach; TT transtentorial
approach.
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veins were not an obstacle for the suprameatal and/or
transtentorial approach: the complete superior petrosal vein
complex could be preserved in 10 (83 %) of the 12 cases. In
contrast, for Types I and II, at least one petrosal vein needed to
be obliterated in all but one case with Type II in order to gain
sufficient working space alongMeckel’s cave and the tentorium.
For the tentorial tumors, the superior petrosal veins could
not be preserved in all except one case with Type I (preserva-
tion rate 25 %).
For the anterior petrosal tumors, complete preservation of
the superior petrosal vein complex was achieved in all patients
except one having a Type II vein (preservation rate, 83 %).
For the posterior petrosal type, we employed a simple
retrosigmoid approach without any procedure for drilling the
suprameatal bone or incising the tentorium, and gross total
resection was achieved in all cases. The superior petrosal vein
complex could be completely preserved in all patients except
for the one having a Type I vein (preservation rate 88 %).
Overall, in 13 (35 %) out of the 37 cases with identified
veins, at least one petrosal vein was sacrificed in order to
increase the surgical exposure during removal of the tumor.
Neither tumor attachment subtype nor approach extension re-
vealed a correlation with preservation of the superior petrosal
vein complex. Surgical preservation of the vein versus sacrifice
was significantly associated with tumor size, venous compres-
sion by the tumor, and petrosal vein subtype (Table 2).
Venous complications
Postoperative venous-related complications occurred In 5
(12 %) of the 43 cases (Table 3). Three of these 5 cases had
cerebellar edema with ventricular enlargement. This compli-
cation resolved itself within a few days following conservative
therapy, although intensive care management with placement
of an external ventricular drainage was required in two cases.
Fig. 2 Intraoperative views demonstrating removal of petroclival menin-
gioma via the left lateral suboccipital approach. Left: The tumor has an
attachment medially to the trigeminal nerve. The superior petrosal vein
empties into the superior petrosal sinus medial to the trigeminal nerve,
indicating Type III. Center: With drilling the suprameatal bulging of the
petrous bone, the tumor is dissected between the superior petrosal vein
and trigeminal nerve. Right: After tumor resection, preservation of the
superior petrosal vein is accomplished. SPV superior petrosal vein; ST
suprameatal tubercle
Table 2 Analysis of the association between various factors and preser-








Range 27–64 15–75 0.2028
Median 51.5 59
Gender
Male 11 6 0.9851
Female 13 7
Size (mm)
Range 22–38 27–48 0.0021
Median 26.5 34
Tumor type
Petroclival 11 8 0.1170
Tentorial 1 3
Anterior petrous 5 1
Posterior petrous 7 1
Vein type
Type I 1 2 0.0367
Type II 7 8
Type III 16 3
Venous compression
Yes 3 9 0.0008
No 21 4
Approach




SM suprameatal approach; TT transtentorial approach.
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In one patient (case 5), postoperative cerebellar hemorrhagic
infarction presented a life-threatening condition and had to be
operated on for posterior fossa decompression with removal
of the necrotic cerebellar tissue (Fig. 3). In this case, a prom-
inent superior hemispheric vein coursed anterolaterally to
drain into the tentorial sinus that joined the junction of the
superior petrosal and transverse sinuses, and was divided
through a lateral supracerebellar infratentorial avenue
(Fig. 4). Another patient developed a cerebellar venous infarc-
tion, leading to prolonged intensive care treatment with a
delayed postoperative recovery.
Among the six cases where no petrosal vein could be
identified, one experienced transient cerebellar edema postop-
eratively. No postoperative complications related to venous
congestion were encountered in any of the 24 patients in
whom the petrosal vein complex was preserved. In contrast,
venous complications occurred in 4 (31 %) of the 13 cases
where at least one petrosal vein was occluded. This difference
in incidence of complications between the sacrificed-vein
group and preserved-vein group was significant (P=0.0108
on Fisher’s exact test). The petrosal vein type also influenced
the occurrence of postoperative complications: venous com-
plications occurred in 4 (27 %) of the 15 cases with Type II,
but such complications were not observed in any of the three
cases with Type I and 19 cases with Type III (P=0.0373 on
the chi-square test). Other factors including age, gender, tumor
size, tumor attachment, and petrosal vein compression by the
tumor did not have a significant impact on the incidence of
postoperative venous complications (P >0.1 for each compar-
ison; data not shown).
Discussion
Although the microsurgical anatomy of the superior petrosal
vein has been extensively examined based on cadaveric dis-
sections and a classification exists in previous anatomical
reports [5, 9], a detailed description of the superior petrosal
vein in relation to the tumor attachment of posterior fossa
meningiomas has not yet been given. The present study was
therefore focused mainly on the surgical anatomy of the
superior petrosal vein together with its significance during
surgery for cerebellopontine angle meningiomas.
The drainage pattern of the superior petrosal vein appears
to vary among the different attachment subtypes. In both the
petroclival and anterior petrous types, the most frequent ve-
nous pattern was Type III (63 % and 67 %, respectively)
which would represent the ideal vein for a retrosigmoid
suprameatal approach. In the classification proposed by
Tanriover et al. [9] who used cadaveric specimens, however,
Type III was the least ordinary pattern (9 %), and their most
common vein was Type II (72 %) which could limit the
amount of working space available during the retrosigmoid
approach procedure. In contrast to the petroclival and anterior
petrous types, Type II was most frequently encountered in the
posterior petrous type (63 % of cases). In views of the fact that
all of our cases where no petrosal vein could be identified had
a relatively huge size of tumor, identified petrosal veins could
be in broad hemodynamic balance with other venous struc-
tures being compressed or displaced by the tumor. Although
the limitations of the present relatively small sample size
preclude any firm conclusions, differences in venous pattern
might reflect the distortion of the normal anatomic venous
structures and development of venous collateral circulations in
each tumor subtype, rather than merely individual variations
of the normal anatomy of the superior petrosal vein.
In general, preservation of the superior petrosal vein is not
always achievable in neurosurgical procedures, especially when
the standard suboccipital approach is modified with supra-
meatal and/or supratentorial extension [8, 9]. In our series,
extension of approach did not have a significant impact on the
risk of vein sacrifice. This may be possibly due to the fact that
the superior petrosal vein did not represent an obstacle for the
suboccipital retrosigmoid approach in most cases except for the
tentorial type. The superior petrosal vein complex could be
preserved in 88 %, 83 %, and 58 % of our patients with the
posterior petrous type, anterior petrous type, and petroclival
type, respectively, while complete preservation of the superior
petrosal vein complex was achieved in only 25 % of patients
with the tentorial type. Such high frequency of vein preserva-
tion may be attributable to venous variation among the different
attachment subtypes of cerebellopontine angle meningiomas.












1 64 F 48 Petroclival Type II No No SM+TT Venous infarction
2 61 F 27 Petroclival Type II No No SM+TT Transient edema
3 34 M 42 Petroclival Type II No No SM+TT Transient edema
4 69 F 46 Petroclival Not identified SM+TT Transient edema
5 75 F 32 Tentorial Type II Yes No TT Hemorrhagic infarction
M male, F female, SPV superior petrosal vein, SM suprameatal approach, TT transtentorial approach.
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In the present study, intraoperative obliteration of the su-
perior petrosal vein was associated with a significantly higher
rate of postoperative venous-related phenomena. Venous
complications occurred in up to 31 % of cases in which the
superior petrosal vein was sacrificed. This frequency was
similar to that in the previous report [2], emphasizing the
importance of preserving the superior petrosal vein. However,
its sacrifice does not necessarily give rise to serious problems
in most cases [2, 4], and a method for detecting the risk of
developing postoperative deficits after petrosal vein oblitera-
tion has not yet been established. The wide anatomical vari-
ability, e.g., in vein number, size, and anatomic connections, is
probably largely responsible for the inconsistent occurrence of
postoperative complications.
In the present series, postoperative venous-related complica-
tions occurred even in the case where the superior petrosal vein
was absent. In such a situation, there might be other unnamed
bridging veins running from the cerebellum to the dura that
should be identified and protected whenever possible, although
our retrospective reviews of the surgical video recordings failed
to identify any responsible vein. As exemplified by our
illustrative case (case 5), the superior petrosal vein appeared
already to be significantly occluded by the tumor itself so that
sacrificing the last remaining vein could give rise to severe
morbidity. In this case, a prominent superior hemispheric vein
ran laterally to drain into the junction of the superior petrosal
and transverse sinuses, and was inevitably sectioned through a
lateral supracerebellar infratentorial avenue, which could ulti-
mately lead to significant cerebellar impairment. According to
previous anatomical reports [5, 6], superior hemispheric veins
are usually situated in the medial portion of the tentorium, and
may thus not represent an obstacle in the lateral suboccipital
approach. In such an unfavorable situation, the retrosigmoid
suboccipital approach should be abandoned, and an alternative
approach, i.e., the anterior transpetrosal approach, would be
indicated to preserve this crucial venous drainage.
In conclusion, the variation in the superior petrosal vein
appears to differ among the attachment subtypes of cere-
bellopontine angle meningiomas. In the majority of cases
except for the tentorial subtype, an adequate surgical exposure
for the suboccipital retrosigmoid approach was achieved with-
out dividing the superior petrosal vein. Intraoperative sacrific-
ing of the superior petrosal vein was significantly associated
with the occurrence of venous-related phenomena, while ve-
nous complications occurred even in cases where the superior
petrosal vein was absent or already occluded by the tumor
itself. In such cases, other bridging veins could play a critical
role in the venous drainage system of the posterior fossa. In
patients who might be considered to be at risk, an alternative
approachmay enhance the possibility of preserving the crucial
venous drainage and thus reducing the morbidity.
Fig. 4 Posterosuperior views of the venous phase of three-dimensional
computed tomography angiograms obtained in the patient illustrated in
Fig. 2. The superior petrosal vein was entirely encased by the tumor
(arrow). The superior hemispheric vein was formed by a bridging vein
running anterolaterally to drain into the tentorial sinus that jointed the
junction of the superior petrosal and transverse sinuses (arrowhead)
Fig. 3 Representative patient (case 5) with life-threatening venous
complications. Preoperative contrast-enhanced axial (a) and coronal (b)
magnetic resonance (MR) images revealed a homogeneous mass at the
left cerebellopontine angle with attachment to the tentorium.
Postoperative computed tomography scans obtained at one day after the
first operation (c and d) demonstrated intracerebellar hemorrhage and
swelling. Postoperative contrast-enhanced axial (e) and coronal (f) MR
images obtained at 3 months after the operation showed total tumor
resection and atrophic cerebellum
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Comment
In this paper Watanabe et al. performed a clinic-anatomical study on the
variants of the superior petrosal vein examining the neuroimaging and the
surgical video recording of a series of patients treated at their Institution
for cerebellopontine angle meningiomas.
They retrospectively reviewed 43 cases investigating the specific
association found between the different venous patterns and the lesions.
Moreover, they also validated the evidence that intraoperative sacrific-
ing of superior petrosal veins was associated with a significantly higher
rate of venous-related phenomena as recently demonstrated by other
authors in literature.
This paper is interesting because it emphasizes once again the impor-
tance of sparing the venous drainage during surgery in this area.
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